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oxidation. The high intensity optical energy is directed and focused to the semiconductor feedstock piles (26) advanced by a conveyer 
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OPTICALLY FUSED SEMICONDUCTOR POWDER FOR SOLAR CZLLz 
TECHNICAL FIELD OF THE INVENTION 

This invention relates generally to photovoltaic solar cell 
arrays, and more particularly, to a method and apparatus for 
efficiently producing semiconductor spheres of unifcrr. -ass 
for use in a soiar cell arrav. 

BACKGROUND OF THE INVENTION 

Solar cells are photovoltaic devices which convert the sun's 
soiar energy into useful electrical energy. These soiar cells 
typically comprise a matrix or array of doped semiconductor 
spheres embedded in a iight-ref lective aluminum foil, the 
semiconductor material typically comprising silicon. One such 
solar cell is disclosed in U.S. Patent 5, 028,546 to Hctth^iss, 
entitled "Method for Manufacture of Solar Cell with Foil 
Contact Point", assigned to the same assignee of the present 
invention. These solar cells typically are composed :f a 
transparent matrix provided with spheroidal particles of 
silicon, each particle having a p-region exposed on one matrix 
surface, and an n-type region extending to an opposed matrix 
surface. Electrical energy is produced when photons of light 
strike the silicon sphere, inducing electrons to cross the 
depletion region between the two conductivity types. 

Many methods of fabricating these semiconductor spheres are 
known in the art. In the ideal solar ceil array, the spheres 
would be comprised of pure semiconductor material such as 
silicon, have uniform mass, be crystalline and spheroidal in 
shape, have a high conversion efficiency from soiar to 
electrical energy, and be manufactured with high throughput by 
an automated apparatus. The ideal silicon sphere has a 
diameter of approximately 30 mils, realizes an energy 
efficiency of greater than 10%, and has a spheroidal shape 
achieved through performing few melt cycles. 

As disclosed in U.S. Patent to Levine, the teachings of which 
are incorporated herein by reference, one known method of 
fabricating silicon spheres includes first using a sieve to 
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separate irregularly shaped metallurgical grade silicon 
particles by size. Particles obtained within a desired size 
range, are melted by a resistance heated open-hearth 
convection furnace operating above the melting point of 
silicon. The silicon particles may be heated at one 

atmosphere, whereby the surface tension of silicon will cause 
the particle to spheroidize, with a silicon dioxide skin being 
formed on the surface of the particle during the melting 
process. These particles are controllably cooled to obtain a 
spheroidal crystalline particle, whereby the silicon dioxide 
skin is removed using conventional grinding or chemical 
etching techniques, such as using an HF solution. Repeatably 
heating and cooling the particle will draw impurities from the 
silicon, such as boron, to the silicon dioxide skin. Thus, 
repeatably heating and cooling the particles helps obtain a 
more pure silicon sphere. 

The resistance heated furnaces for melting silicon particles 
and powders are limited both in throughput and transport. 
This type of furnace does not directly couple heat to the 
silicon and, as a result, must heat the silicon and any 
underlying refractory material, as well as a transport tray, 
up to the melting point of silicon. Not only does this reduce 
energy efficiency, but the resultant delay ir. reaching the 
silicon melting point allows for pre-oxidation , which is the 
growth of silicon dioxide. Pre-oxidation of the silicon 
material reduces efficiency in conversion of silicon powder :o 
fused particles, and broadens the mass distribution since some 
silicon is covered with silicon-dioxide, which prevents 
attachment to the fused particle. Formation of silicon 
monoxide gas also reduces overall silicon yeilc. . The open 
hearth walking beam furnace is very limited with regard to 
temperature and transport adjustments. 

Other known methods of fabricating consistent mass silicon 
spheres involves shotting molten purified silicon out of a 
nozzle, or from a rotating disk. The spheres formed in this 
manner are highly irregular in shape, and are polycrystalline . 
These spheres can later be made crystalline with the use of 
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other processes, such as reheating the material above the 
melting point, and then controllable cooling the material as 
just described. 

Another process for producing crystalline silicon spheres is 
disclosed in U.S. Patent 4,637,855. Silicon spheres are 
fabricated by applying a slurry of metallurgical grade silicon 
on to the surface of a substrate capable of maintaining 
integrity at temperatures beyond the melting point of silicon. 

The layer of silicon slurry is then patterned to provide 
regions of metallurgical grade silicon. The substrate and 
silicon slurry are then heated above the melting point of 
silicon. The silicon rises as beads from the slurry to the 
surface as relatively pure silicon, and forms silicon spheres 
due to the high surface tension or cohesion of silicon. The 
spheres are then controllably cooled below the melting point 
of silicon, and the silicon spheres then crystalize. 

Several authors (ie Siemens A. G . of Munich Germany) have 
published reports in the past of attempts to generate 
polycrystalline silicon ribbons in a continuous mode using 
concentrated light to melt silicon powder. All of the 
processes required multiple applications of heat in order to 
first consilidate the powder, then melt the consolidated sheet 
individually on each side. The sheet could not be fully 
melted as it would break up into small molten particles due to 
the surface tension of molten silicon. Additionally, 
throughputs greater than a few centimeters per minute were not 
achievable as the requirements for an ordered polycrystalline 
structure could not be met. These previous attempts ail used 
low flux systems as high throughput capability was never 
considered possible for producing continuous polycrystalline 
ribbons . 

To realize solar cells of high energy conversion efficiency, 
it is necessary that the semiconductor spheres be comprised cf 
high purity material. High purity silicon spheres can 
ultimately be obtained by starting with either metallurgical 
grade, or semiconductor grade silicon. However, the greater 
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the impurity of the starting material, the more involved the 
subsequent purification processes to ultimately obtain high 
purity silicon spheres. Again, a purification process 

involving additional melt /impurity removal cycles is time 
consuming, requires a substantial amount of energy, and 
results in lower overall silicon yeild. These considerations 
need to be balanced against the cost of the starting material. 
The cost of semiconductor . grade silicon feedstock is very 
expensive in relation to metallurgical grade silicon 
feedstock. However, the cost of off -spec semiconductor grade 
silicon feedstock is more in line with the cost of 
metallurgical grade silicon feedstock, and eliminates the 
need for silicon removals. 

As disclosed in the cross referenced, co-pending patent 
application, semiconductor particles of uniform mass can be 
obtained by metering out powdered feedstock into uniform mass 
piles upon a refractory layer. These piles of semiconductor 
feedstock are then melted briefly to obtain unitary 
semiconductor particles of uniform mass. Silica is the 
preferred refractory layer, whereby the semiconductor 
particles can be separated from the refractory layer after the 
melt procedure. It is desirable to implement this unique 
metering process in an automated process control apparatus, 
where process parameters can be precisely controlled to obta'in 
a high throughput of energy conversion efficient, uniform mass 
silicon spheres with little or no pre-oxidation . 

SUMMARY OF THE INVENTION 

The present invention implements a high-energy optical furnace 
to direct focused high intensity light to a plurality of 
semiconductor powered feedstock piles, to almost 
instantaneously fuse the piles efficiently. This precludes 
the growth of any oxide, allowing for maximum conversion of 
the powder to a fused particle, and limits the amount of heat 
lost to the underlying refractory layer and transport surface. 

The optical furnace almost instantaneously melts the 
semiconductor powdered feedstock piles as they are passed by a 



WO 96/21054 PCT/GB96/I 

5 

belt conveyer thereunder, whereby the feedstock quickly 
freezes to form a single fused particle. This light is 
directly coupled to the silicon, with the use of a reflective 
underlying refractory substrate, and the silicon particles 
will wet each other rather than the substrate thus improving 
conversion. The feedstock can be partially or totally melted, 
cooled to a crystalline or polycrystalline particle and then 
separated from the powdered or granular refractory layer 
thereunder. Subsequent remelts may be implemented to improve 
sphericity and crystallinity . The piles of semiconductor 
feedstock are preferably metered out into uniform mass files 
using a template according to the techniques of the co -pending 
cross referenced patent application. This type of furnace can 
be rapidly adjusted on-line with regard to power levels and 
transport speed. 

The method according to the preferred embodiment of the 
present invention comprises defining a plurality of spaced 
semiconductor feedstock piles upon a reflective refractory 
layer. High intensity optical energy is directed to the 
plurality of semiconductor feedstock piles, sufficient in 
intensity and duration to at least partially melt the 
semiconductor feedstock and define a single semiconductor 
particle. Preferably, the refractory layer comprises a thin 
layer of powered silica spread upon a belt conveyer. this 
refractory layer being advanced with the semiconductor 
feedstock piles under the optical furnace. The optical energy 
if focused to the silicon piles, with little heat being 
generated in the refractory layer. Preferably, the light has 
a flux density between approximately 4 00W/cm 2 , and 600W/cm 2 , 
whereby the conveyer medium is advanced at a rate between 
approximately 20 feet per minute and 30 feet per minute. in 
the preferred embodiment, a high-energy optical furnace with 
an elliptical reflection chamber is utilized, such as that 
manufactured by Vortek Industries Ltd. of Vancouver. British 
Columbia, Canada. 

The silica refractory layer preferably has a thickness of 
about 1 millimeter. The conveyer medium is preferably a 
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continuous belt which supports and advances the silica 
refractory layer, as well as the semiconductor feedstock 
piles, under the optical furnace and to a separation station. 
This separation station separates the fused semiconductor 
particles from the silica refractory layer, whereby the 
semiconductor particles are collected in one bin, and the 
refractory layer is collected in another bin and returned for 
subsequent use. Many types of separation devices can be used, 
including angled rod screens, vibrating screens, air cyclones, 
etc . 

In the preferred embodiment, ambient air is purged from the 
optical furnace and around the semiconductor feedstock piles 
when the optical energy is directed to the feedstock piles, 
thus reducing the growth of oxide on the semiconductor 
material during the near instantaneous melt. Preferably, the 
focused optical energy is of sufficient energy to totally fuse 
the semiconductor feedstock piles, whereby the fused 
semiconductor material becomes substantially spheroidal . 

The apparatus according to preferred embodiment of the present 
invention includes a refractory layer, and a mechanism for 
defining spaced piles of semiconductor feedstock upon the 
refractory layer. In the preferred embodiment, this mechanism 
includes a template for defining uniform mass piles "of 
semiconductor powdered feedstock upon the refractory layer. A 
high-energy optical furnace is provided to direct and focus 
optical energy to the plurality of semiconductor powdered 
feedstock piles. This optical furnace directs sufficient 
light energy to at least partially melt and fuse the 
semiconductor feedstock piles, defining the semiconductor 
particles. A belt conveyer is utilized as a conveyer medium 
for advancing the refractory layer and the semiconductor 
feedstock piles thereon to the optical furnace for fusing. 
The semiconductor feedstock preferably comprises semiconductor 
grade silicon, but could also be metallurgical grade if 
desired. In addition, doped or undoped silicon feedstock can 
be utilized depending on the desired product output. Other 
semiconductor feedstock materials including germanium, gallium 
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arsenide, and other well known semiconductor materials could 
be used as well. Nitrogen or argon gas is utilized for 
purging the optical furnace including the ambient around the 
semiconductor feedstock piles during the fuse melt. Because 
the fuse/melt is almost instantaneous, whereby the 
semiconductor particles almost instantaneously freeze 
thereafter, and the refractory layer has little heat provided 
thereto, the powder or granules of semiconductor feedstock 
wet one another rather than the refractory layer. With a 
purged ambient, oxide layers will not become lodged within 
the semiconductor particle. 

With the optical energy directed and focused to a single point 
upon the refractory layer, and thus to the semiconductor 
feedstock piles as they are advanced therepast, a silica 
refractory layer of only 1 millimeter in depth is sufficient 
whereby the conveyer belt supporting the refractory layer will 
receive little or no energy and remain cool. That is to say, 
while the optical energy is sufficient to briefly raise the 
temperature of the semiconductor feedstock piles to about 
1,450 degrees Celsius, the temperature at the conveyer surface 
is less than 100 degrees Celsius. In the preferred 

embodiment, the conveyer belt is comprised of polymers (i.e. 
silicone on woven fiberglass) , but this conveyer belt could 
also be comprised of hard rubber or metals which will not 
buckle when heated by the temperatures experienced under the 
refractory layer. In the preferred embodiment. the 

semiconductor feedstock piles are heated from room temperature 
to around 1,450 degrees Celsius in about 0.2 seconds. The 
optical energy almost instantly melts the semiconductor 
feedstock piles, whereby the semiconductor particles almost 
instantaneously freeze thereafter because there is inadequate 
heat in the pile to maintain the silicon above the melting 
point . 

BRIEF DESCRIPTION OF THE DRAWINGS 

Figure 1 is an elevational view of an apparatus including a 
high-energy optical furnace for fusing uniform mass piles cf 
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powered semiconductor feedstock according to the preferred 
embodiment of the present invention; and 

Figure 2 is a graph of the. preferred optical furnace flux 
density as a function of the conveyer belt speed to obtain at 
least partially melted semiconductor feedstock piles. 

DESCRIPTION OF THE PREFERRED EMBODIMENT 

Referring now to Figure 1. an automated high- throughput 
apparatus for forming high purity semiconductor particles 
according to the preferred embodiment of the present invention 
is generally shown at 10. Apparatus 10 as viewed from left to 
right is seen to include a dispensing bin 12 containing a 
quantity of powdered refractory material such as silica, and 
uniformly dispensing the silica 14 upon a rotating endless 
conveyer belt 16 to define a uniform thickness refractory 
layer 18. Conveyer belt 16 is advanced and regulated by a 
pair of opposed drive wheels 20, one disposed at each end of 
the conveyer 16 as shown. At a load station generally shown 
at 22, a template 24 is utilized automatically or by hand to 
meter out uniform mass piles of semiconductor powdered 
feedstock 26 such as silicon. Semiconductor grade silicon 
feedstock 26 is preferably used, although metallurgical grade 
feedstock can be used if desired. In addition, either doped 
or undoped silicon feedstock can be used depending on the 
desired product output. 

A high-energy optical arc furnace 30 is shown positioned over 
a mid section of conveyer belt 16 and including an arc lamp 
32. Optical furnace 30 is preferable comprised of an arc 
furnace manufactured by Vortek Industries Ltd. of Vancouver, 
British Columbia, Canada. As depicted by the arrows in Figure 
1, the high intensity optical energy of lamp 32 is reflected 
off an elliptical inner wall 34 and. directed to a single point 
36 defined on the upper surface of refractory layer 18 and 
consequently is focused upon the piles of semiconductor 
feedstock 26 when advanced thereunder. 

It is anticipated that other shapes of reflector walls 34 
could be used as well, such as parabolic or u-shaped inner 
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wall. The optical furnace manufactured by Vortek Industries 
is preferred because no other current technologies provide 
adequate flux density for a high throughout silicon melting 
process. A receiving end 38 and exit end 40 of furnace 30 is 
spaced approximately 1 centimeter above the surface of 
refractory layer 18 to permit the piles of semiconductor 
feedstock 26 to be advanced thereunder, and fused to form 
unitary semiconductor particles 42. At the distal end of 
apparatus 10 is seen a refractory layer collection bin 46, and 
a semiconductor particle collection bin 48. An angled rod 
screen 50 is shown oriented just before the falling stream of 
refractory layer 18, this screen skimming the unitary 
semiconductor particles 42 from the refractory layer 18, and 
directing these particles 42 into collection bin 48, as shown. 

In the preferred embodiment, refractory layer 18 preferably 
has a depth of 1 millimeter. An array of apertures (not 
shown) extend through template 24. These apertures are loaded 
with powered semiconductor feedstock at loading station 22, 
the upper surface being smoothed and removed of excess 
powdered feedstock such as by doctor blading before being 
removed from refractory layer 16 to defined the semiconductor 
feedstock piles 26. This metering out process of piles 26 by 
template 24 could be automated if desired. 

Optical furnace 30 has a central chamber 54 which can be 
purged of ambient air by introducing a non-reactive gas via 
duct 56, such as nitrogen or argon, into chamber 54 during the 
fusing process. Thus, as semiconductor feedstock piles 26 
are almost instantaneously fused, ambient impurities will not 
be present and cannot impregnate the semiconductor piles 26 as 
they are fused to define unitary semiconductor particles 42. 
Purging the chamber of a conventional convection furnace is 
well know in the art, and is equally applicable to an. optical 
furnace as disclosed in the present invention. By purging the 
ambient about the semiconductor feedstock piles 26 being 
fused, and focussing the light energy on the piles 26, the 
grains of the semiconductor feedstock powder are wetted and 
easily coalesce with one another. With impurities removed. 
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included oxygen, silicon dioxide is not: formed on the surface 
of the particle 42, and all semiconductor material is 
converted to form the single particle. Accordingly, no 
•subsequent clean up such as grinding or chemically treating 
with an acid solution, such as HF, is necessary. 

Referring to the graph of Figure 2, it can be seen that the 
preferable operating flux density of optical furnace 30 is 
between 400 and 600 W/cm 2 , with the speed of conveyer 16 
advanced between 20 and 3 0 feet per minute. The slower the 
speed of the belt, the lower the required flux density of the 
furnace to at least partially melt the piles of semiconductor 
feedstock 26. In the preferred embodiment, the maximum flux 
density is about 600 w/cm with a conveyer speed of about 30 
feet per second. Although these are the preferred parameters 
for the present invention, limitation to these speeds or flux 
densities is not to be inferred, for other parameters could be 
chosen as well, depending on the desired completion of melt 
of the piles, and the desired uniformity of the melt between 
the plurality of semiconductor piles. One feature of the 
present invention is that the process parameters including 
optical flux density and belt speed can be changed or set 
almost instantaneously, with no warm-up time being required. 
This is a considerable improvement over using conventional 
open hearth resistance heated furnaces. 

METHOD OF OPERATION 

Referring now to Figure 1. the method according to the 
preferred embodiment of the present invention will be 
described. With drive rollers 20 uniformly advancing conveyer 
16 at approximately 20 to 30 feet per minute, dispenser bin 12 
dispenses the powdered silica 14 upon the upper surface cf 
conveyer 16 to define a uniform thickness refractory layer 18 
of approximately 1 millimeter in thickness. 

At semiconductor pile loading station 22, template 24 is 
utilized to meter out a plurality of uniform mass 
semiconductor feedstock piles 26. Each of the holes (not 
shown) of template 24 are completely filled with powered 
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semiconductor feedstock, which is preferable of semiconductor 
grade but could also be comprised of metallurgical grade 
semiconductor powered feedstock if desired. The excess 
semiconductor feedstock is removed from the upper surface of 
template 24 by a suitable smoothing tool or by doctor blading 
as desired. Template 24 is then carefully removed from 
refractory layer 16 to define a plurality of uniform mass 
semiconductor feedstock piles 26, as shown. 

« 

Conveyer 16 advances semiconductor feedstock piles 26 at a 
uniform rate under the receiving end 38 of optical furnace 30, 
arid into chamber 54. As the semiconductor feedstock piles 26 
advance to point 36 within chamber 54, the high intensity 
optical energy continuously radiating from arc lamp 3 2 
reflects off the elliptical walls 34 and is focused to point 
36, and thus the semiconductor feedstock piles- 26. With the 
optical furnace having a flux density of between 400 and 600 

2 

W/cm . and conveyer 16 advancing the semiconductor particles 
26 at 20 to 30 feet per minute, the optical energy will 
almost instantaneously wet, melt and fuse the particles of 
feedstock material, in about 0.2 seconds. The melting point 
of silicon is approximately 1,450 Celsius. The optical energy 
provided by lamp 32 is preferably sufficient to only 
accomplish an incomplete melt, whereby each of the grains of 
feedstock only begins to coalesce with the adjacent grains. 
However, the energy is sufficient to cause the grains of 
feedstock to fuse to one another and form a unitary 
semiconductor particle 42. If desired, the optical energy 
and/or the speed of the conveyer could be established to 
completely melt the piles of semiconductor feedstock 26, 
whereby the powdered feedstock would coalesce and completely 
melt. 

Since the light energy is focused on the feedstock piles 26, 
the refractory layer 18 receives little energy and is heated 
very little. Thus, the feedstock granules wet on another, not 
the refractory layer. The chamber 54 is purged of air by 
introducing a non-reactive gas, such as nitrogen or argon, via 
duct 56 to avoid introducing impurities into particle 42. 
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Because the fuse process is almost instantaneous, there is 
little or no pre-oxidation, and the conversion of the silicon 
is almost completely to form unitary particle 42. and uniform 
mass particles 42 are realized. In addition, subsequent 

grinding or chemical etching clean-up procedures are not 
necessary. 

Conveyer 16 advances the fused semiconductor particles 4 2 from 
fuse point 36, whereby these particles will almost 
instantaneously freeze to form polycrystalline particles 42 
because the optical energy in the pile 26 is inadequate to 
maintain the semiconductor material above its melting point. 
Conveyer 16 advances the semiconductor particles 42 under the 
exiting end 40 of optical furnace 30, and advances the 
particles to the distal end of the apparatus. Furnace 30 may 
have a shroud to effect the purging process if desired. 

At the distal end of the apparatus, the rod screen 50 skims 
the unitary semiconductor particles 42 from the refractory 
layer 16 being poured into collection bin 46. The 
semiconductor particles 42 are guided into the receiving 
collecting bin 48, as shown. Rod screens are well known in 
the art and are preferred in the present invention, although 
other alternatives are known and acceptable including 
vibrating screens and air cyclones. 

The semiconductor particles 42 collected in bin 48 are then 
subsequently reprocessed by one or more heating and cooling 
(melting) cycles to remove impurities if necessary, and to 
obtain a crystalline semiconductor sphere. These subsequent 
heating and purification processes can be performed using the 
above process, or using processes well known in the art, some 
of which are referenced in the Background of the Invention 
section of this application. If desired, the semiconductor 
particles 42 could be reprocessed by advancing them under the 
optical furnace 30 as just described, at the same rate or a 
different rate, and at the same or different optical flux 
density just described. The obtained semiconductor spheres 
are ultimately implemented in a solar cell. 

9621054A1 I > 
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According to the preferred embodiment of the present 
invention, a high throughput apparatus and method is provided. 
Uniform mass semiconductor particles 42 are obtained without 
introducing impurities into the particle during the optical 
fusing process. The optical furnace 30 is power efficient 
since there is no warm up time for the furnace, and energy can 
be directly applied to mainly the piles of semiconductor 
feedstock without any significant energy being directed into 
the refractory layer 16, Thus, both a waste of time and 
energy is avoided using an optical furnace, as compared to a 
conventional convection furnace. 

The process parameters including rate at which conveyer 16 is 
advanced, and the flux density at which optical furnace 3 0 
operates, can also be precisely and instantaneously 
controlled. This permits the control of throughput, and of 
the texture of semiconductor particles 42 whether they be 
partially or totally melted during the fusing process. When 
pure semiconductor feedstock is utilized to define piles 26, a 
pure semiconductor particle 4 2 is realized, and when 
implemented in a solar cell array, realizes a high efficiency 
solar, cell array with an energy conversion well in excess of 
10%. While silicon is the preferred semiconductor feedstock 
processed according to the present invention, other well known 
semiconductor feedstock materials could be utilized as well 
including germanium and galium arsenide if desired. In the 
preferred embodiment, semiconductor particles 42 have a 
diameter of approximately 30 mils. 

Silica is the preferred material for refractory layer 18. 
However, other refractory materials could be used as well, 
including quartz boats if desired. However, silica is ideal 
in that a very smooth reflective layer can be defined for 
supporting semiconductor feedstock piles 26, is relatively 
inexpensive, and can be easily reprocessed by collecting in 
collection bin 46, as shown. 
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In the preferred embodiment, more than 200,000 semiconductor 
particles 42 can be defined per minute in a 1 foot wide melt 
furnace. Of course, this throughput is limited only by the 
dimensions and process parameters associated with the present 
invention, and higher throughputs could be realized by using a 
larger conveyer, a larger template, and/or using optical 
furnace with a higher flux density. 

Because the process of the present invention is truly 
automated, the associated cost for manufacturing high-quality 
semiconductor particles is very appealing. Highly uniform 
semiconductor particles are obtained, of high purity and 
consistency. The present invention overcomes the drawbacks 
associated with implementing conventional convection furnaces. . 

Though the invention has been described with respect to a 
specific preferred embodiment, many variations and 
modifications will become apparent to those skilled in the art 
upon reading the present application. 
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CLAIMS : 

1- A method of forming semiconductor particles, comprising 
the steps of: 

defining a plurality of spaced piles of semiconductor 
feedstock upon a refractory layer; and 

directing optical energy to said plurality of 
semiconductor feedstock piles of sufficient energy to at least 
partially melt said semiconductor feedstock and define said 
semiconductor particles . 

2. The method as specified in Claim 1 further comprising the 
step of directing said optical energy with a flux density 

2 2 

between approximately 400 W/cm and 600 W/cm . 

3. The method as specified in Claims 1 or Claim 2, further 
comprising the step of defining . said refractory layer upon a 
conveyer medium, and advancing said conveyer medium to advance 
said semiconductor feedstock piles past said directed optical 
energy. 

4. The method as specified in Claim 3 comprising .the step of 
advancing said conveyer medium at a rate between approximately 
20 ft/minute and 30 ft/minute. 

5. The method as specified in Claim 3 or Claim 4 comprising 
the step of forming a layer of silica on said conveyer medium 
as said refractory layer. 

6. The method as specified in any of Claims 1 to 5. 
comprising the step of utilizing silicon as said semiconductor 
feedstock . 

7. The method as specified in any of Claims 1 to 6, 
comprising the step of utilizing doped said semiconductor 
feedstock. 

8. The method as specified in any of Claims 5 to 7, 
comprising the step of defining said silica layer with a 
thickness of about 1 mm. 
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9. The method as specified in any of Claims 1 to 8, 
comprising the step of utilizing a template to define said 
semiconductor feedstock piles. 

10. The method as specified in any of Claims 1 to 9 , 
comprising the step of utilizing an optical arc furnace to 
direct and focus said optical energy to said semiconductor 
feedstock piles. 

11. The method as specified in any of Claims 5 to 10, 
comprising the step of separating said semiconductor particles 
from said silica refractory layer. 

12. The method as specified in Claim 11 comprising the step 
• of collecting said silica . refractory layer after said 

separation from said semiconductor particles and reprocessing 
said silica refractory layer. 

13. The method as specified in any of Claims 1 to 12, further 
comprising the step of purging ambient air from about said 
semiconductor feedstock piles when directing said optical 
energy thereat. 

14. The method as specified in any of Claims 1 to 13, 
comprising the step of directing said optical energy cf 
sufficient energy to totally fuse said semiconductor feedstock 
piles . 

15. The method as specified in Claim 14 comprising the step 
of directing said optical energy such chat said semiconductor 
feedstock piles fuse and form generally spheroidal said 
semiconductor particles . 

16. An apparatus for forming semiconductor particles., 
comprising : 

a refractory layer; 

means for defining spaced piles of semiconductor 
feedstock upon said refractory layer; and 
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means for directing optical energy to said plurality of 
semiconductor feedstock piles to at least partially melt said 
semiconductor feedstock piles and define said semiconductor 
particles . 

17. The apparatus as. specified in Claim 16 further comprising 
a conveyer medium for advancing said refractory layer and said 
semiconductor feedstock piles past said optical energy 
directing means. 

4 

18. The apparatus as specified in Claims 16 or Claim 17, 
wherein said optical energy directing means comprises an 
optical arc furnace. 

19. The apparatus as specified in any of Claims 16 to 18, 
further comprising means to separate said semiconductor 
particles from said refractory layer. 

20. The apparatus as specified in any of Claims 16 to 19, 
wherein said semiconductor feedstock defining means comprises 
a template. 

21. The apparatus as specified any of Claims 16 to 20, 
wherein said refractory layer comprises silica. 

22. The apparatus as specified in any of Claims 16 to 21, 
wherein said semiconductor feedstock comprises silicon, 
germanium or galium arsenide. 

23. The apparatus as specified in any of Claims 16 to 22, 
wherein said semiconductor feedstock comprises a doped 
material. 
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